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Device and method for electrochemical detection 

The invention relates to a device and a method for the 
electrochemical detection of at least one biochemical 
5 molecule - contained in a liquid - from a group of 
predetermined biochemical molecules. The invention 
relates in particular to a device for the detection of 
pathogens in a body fluid, e.g. blood. 

10 For the measurement of electrochemical potentials, 
potentiostats having two or more working electrodes are 
used according to the prior art. Potentiostats having a 
plurality of working electrodes are also referred to as 
multipotentiostats . Such multipotentiostats have a 

15 reference electrode, a counterelectrode and a plurality 
of working electrodes. The voltage between a working 
electrode and the reference electrode is regulated by 
means of the voltage present between the 
counterelectrode and the respective working electrode. 

2 0 A predetermined voltage profile between each of the 
working electrodes and the reference electrode is 
generated separately for each working electrode. 

US 5,830,343 discloses a method in which the voltage 
25 dropped across a multiplicity of working electrodes can 
be measured simultaneously by means of a 
multipotentiostat . In this case, a particular 
predetermined potential with respect to the reference 
electrode is applied to each working electrode 
30 independently of the others. Consequently, potentials 
form during the measurement between the working 
electrodes. This makes the evaluation of the currents 
measured at the rest of the working electrodes 
complicated . 

35 

US 5,149,629 discloses a method for the electrochemical 
detection of molecules contained in a solution, in 
which measurement is effected sequentially by means of 
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a plurality of working electrodes. The implementation 
of such a measurement is time-consuming. 

US 4,315,753 describes a method and a device for 
5 simultaneously determining the concentration of second 
oxygen-containing gases. The device has a potentiostat 
with two current followers that are connected to one 
another in order to generate a differential signal. The 
known device does not make it possible to specifically 
10 detect a plurality of biochemical molecules contained 
in a solution. 

US 4,655,880 discloses a device for the detection of 
glucose. This uses two working electrodes, one of which 
15 is coated with the glucose oxidase enzyme. The other 
working electrode is uncoated and serves for background 
measurement. A simultaneous measurement of different 
biochemical molecules is not possible with the known 
device . 

20 

Paeschke, Manfred et al . : Voltammetric Multichannel 
Measurements Using Silicon Fabricated Microelectrode 
. Arrays; in: Electroanalysis 199 6, 8, No. 10; pages 891 
to 898, describe a voltammetric method using a 

25 multichannel potentiostat. The multichannel 

potentiostat described is complicated to produce. Apart 
from that, in practice stability problems often result 
during the measurement. A specific detection of 
biochemical molecules contained in a solution is thus 

3 0 possible only to a limited extent. 

DE 41 3 6 77 9 Al describes a device for the simultaneous 
detection of various gas components. The device 
comprises various working electrodes, a common 
35 counterelectrode and also a common reference electrode. 
The potential of each working electrode can be 
regulated separately by means of the device. The 
corresponding regulating circuit is complicated and 
susceptible to disturbance. 
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DE 100 15 818 Al discloses a biosensor. In order to 
detect an analyte contained in a solution, the 
oxidation and reduction potential of said analyte is 
5 measured at a respective electrode. Two electrodes per 
analyte to be detected are thus necessary. The 
biosensor proposed is relatively complicated to 
produce. A simultaneous detection of a plurality of 
biochemical molecules contained in a liquid is thereby 
10 not possible. 

It is an object of the invention to eliminate the 
disadvantages according to the prior art. The intention 
is to specify in particular a device and a method which 

15 enable a simultaneous electrochemical detection of 
different biochemical modules contained in a liquid to 
be carried out simply, cost-effectively and rapidly. 
According to a further aim of the invention, the 
intention is to be able to obtain measurement results 

20 that are as accurate as possible. 

This object is achieved by means of the features of 
claims 1 and 12 . Expedient refinements emerge from the 
features of claims 2 to 11, 13 and 14. 

25 

The invention provides a device for the electrochemical 
detection of a biochemical molecule - contained in a 
liquid - from a group of predetermined biochemical 
molecules, having 

3 0 a means for taking up the liquid, said means having at 
least one reference electrode and at least one 
counterelectrode and also a multiplicity of working 
electrodes, at least one working electrode (AE1, AE2 , 
AE3 ) being provided for the detection of each 

35 biochemical molecule, said working electrode being 
coated with a molecule that is complementary to the 
respective biochemical molecule, so that the 
biochemical molecules can be detected simultaneously, 
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a potentiostat for generating a predetermined voltage 
profile between the working electrodes and the 

reference electrode, 

a current/voltage converter being connected downstream 
5 of each of the working electrodes, the current /voltage 
converters holding all of the working electrodes at the 
same potential and 

a means for measuring the currents flowing through the 
working electrodes. 

10 

The device proposed is constructed in a simple manner. 
It enables a rapid detection of at least one 
biochemical molecule contained in a body fluid, e.g. of 
a pathogen. The device can be adapted to the 

15 biochemical molecules to be detected in a simple manner 
through the choice of a suitable coating of the working 
electrode. The type and the number of the biochemical 
molecules contained in the "group" is given by the 
number of working electrodes coated with different 

20 complementary biochemical molecules. The device also 
enables a simultaneous electrochemical detection of a 
plurality of different biochemical molecules contained 
in the liquid. The simultaneous detection of different 
biochemical molecules to be detected requires merely a 

25 single potentiostat. An identical predetermined voltage 
profile is thereby applied simultaneously to all of the 
working electrodes. By virtue of the fact that all of 
the working electrodes are held at the same potential, 
it is possible for the currents flowing through the 

30 working electrodes to be measured in parallel. For this 
purpose, each of the working electrodes may be 
connected virtually to the circuit ground via a current 
follower for individual evaluation of the signals. For 
the specific detection of the biochemical molecules 

3 5 contained in the liquid, the working electrodes are 
coated with biochemical molecules that are 
complementary to the biochemical molecule to be 
detected. The working electrodes are specific to the 
biochemical molecules to be detected. At least one 
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specific working electrode is provided for each 
biochemical molecule to be detected. The complementary 
biochemical molecules bind specifically to the 
biochemical molecules to be detected. The 
5 electrochemical signal of the working electrode changes 
owing to the formation of a compound formed from the 
biochemical molecule to be detected and the 
complementary biochemical molecule. 

10 In the sense of the present invention, a "multiplicity 
of working electrodes" is understood to mean more than 
two working electrodes. 

According to one advantageous refinement, a plurality 
15 of interconnected or capacitively coupled reference 
electrodes are provided. The measurement speed can 
thereby be further increased. In this connection, it is 
also possible for a plurality of interconnected 
counterelectrodes to be provided. 

20 

The measuring means expediently has an analog- to- 
digital converter. Furthermore, a multiplexer may be 
provided, so that a virtually contemporaneous or 
simultaneous measurement of the currents flowing 
25 through the working electrodes is possible. 

According to a further refinement, the current /voltage 
converter is a current follower having a first 
operational amplifier, a noninverting input of the 

30 operational amplifier being grounded and the inverting 
input thereof being connected via a first resistor to 
the output of the first operational amplifier and to 
the working electrode. A capacitance may be connected 
in parallel with the first resistor. This makes it 

3 5 possible, in a simple manner, to suppress noise and 
thus to increase the sensitivity. 

It is possible for first resistors of different 
magnitudes to be connected in between the inverting 
input and the output of the first operational amplifier 
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for the purpose of setting the current measurement 
range. This makes it possible to vary the current 
measurement range in a simple manner. The current 
measurement range can be set individually for each 
5 working electrode to the optimum range for the 
biochemical molecule to be detected. The device is 
universally suitable for the detection of a wide 
variety of biochemical molecules. 

10 The biochemical molecule to be detected may be a 
nucleic acid and the complementary biochemical molecule 
may be nucleic acids that are complementary to the 
nucleic acid to be detected. In the case of a 
hybridization of such nucleic acids, there is a change 

15 in the current profile through the corresponding 
working electrode. Such a change indicates that the 
solution contains a nucleic acid that is complementary 
to the nucleic acid bound to the working electrode. 
Such a detection is highly sensitive and extremely 

20 specific. The biochemical molecules may also be 
synthetic single-stranded nucleic acids or their 
natural and/or synthetic analogs, antigens, proteins, 
such as antibodies, antibody fragments, derivatives of 
antibodies or antibody fragments, nucleic acid-binding 

25 proteins, receptors or ligands. 

In a further refinement, the potentiostat has a second 
operational amplifier, which is connected as a voltage 
follower and to whose noninverting input the reference 

3 0 electrode is connected. The potentiostat may 
furthermore have a third operational amplifier, to 
whose output the counterelectrode is connected and 
whose inverting input is connected via a second 
resistor to the output of the second operational 

35 amplifier and is connected via a third resistor to a 
device for generating a selectable desired voltage, and 
the noninverting input of the third operational 
amplifier being grounded. Furthermore, a capacitance 
may be connected in between the output of the third 
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operational amplifier and the inverting input thereof. 
This stabilizes the regulation. 

The invention further provides a method for the 
5 electrochemical detection of at least one biochemical 
molecule - contained in a liquid - from a group of 
predetermined biochemical molecules, having the 
following steps of: 

a) providing a means for taking up the liquid, the 
10 means having at least one counterelectrode and a 

reference electrode and also a multiplicity of 
working electrodes, at least one working electrode 
(AE1, AE2, AE3) being provided for the detection 
of each biochemical molecule, said working 
15 electrode being coated with a molecule that is 

complementary to the respective biochemical 
molecule, so that the biochemical molecules can be 
detected simultaneously, 

b) bringing the liquid into contact with the working, 
2 0 counter- and reference electrodes, 

c) simultaneously applying a predetermined voltage 
profile between the working electrodes and the 
reference electrode, and 

d) measuring the currents flowing through the working 
2 5 electrodes, all of the working electrodes being 

held at the same potential during the measurement. 



The measurement is effected virtually contemporaneously 
or simultaneously. It is expediently carried out in 

3 0 parallel or by means of multiplexing. In this case, the 
voltage present between the working electrodes and the 
reference electrode may be regulated with a 
potentiostat . The method proposed can be carried out in 
a relatively simple manner. It is universal and also 

3 5 enables the simultaneous detection of a multiplicity of 
different biochemical molucules in a liquid. 
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In the sense of the present invention, a "multiplicity 
of working electrodes" is understood to mean more than 
two working electrodes. 



5 The predetermined voltage profile may be a voltage 
profile that is variable during the measurement. The 
voltage profile may be predetermined by means of a 
programmable voltage source. 

10 The electrodes may be produced from conventional 
materials, for example suitable metals such as gold, 
silver, platinum or the like. However, it is also 
possible to produce the electrodes from carbon, in 
particular graphite. The electrodes are coated in a 

15 conventional manner, for example by the formation of 
covalent bonds in the case of nucleic acids. Reference 
is made to MI Pividori et al . (2000) Electrochemical 
genosensor design: Immobilisation of oligonucleotides 
onto transducer surfaces and detection methods. 

20 Biosensors and Bioelectronics 15, 291-303. 

An exemplary embodiment of the invention is explained 
in more detail with reference to the drawing, in which: 

2 5 Figure 1 shows a schematic circuit diagram, and 

Figure 2 shows a measurement result obtained with the 
circuit in accordance with Figure 1. 

A means for taking up the liquid containing the 

3 0 biochemical molecules to be detected may be e.g. a 

container 1 or a zone on an area produced from an 
insulating material, e.g. on a chip. The container 1 
has working electrodes AE1, AE2 , AE3 , a 
counterelectrode GE and also a reference electrode RE. 
35 The electrodes are produced e.g. from silver, gold, 
platinum or graphite. The working electrodes AE1, AE2, 
AE3 are coated with molecules that are complementary to 
the biochemical molecules to be detected. Each of the 
working electrodes AE1, AE2 , AE3 is connected to a 
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measuring device AD via a current/voltage converter SI, 
S2, S3. 

The current/voltage converters SI, S2 , S3 in each case 
5 have an operational amplifier 0P1, whose noninverting 
input (0P1+) is connected to circuit ground. 
Consequently, all of the working electrodes AE1, AE2 , 
AE3 are held at the same potential . The inverting input 
0P1- of the first operational amplifier 0P1 is 

10 connected to the working electrode AE1, AE2 , AE3 and 
via a. first resistor Rl to the output, which is in turn 
connected to the measurement device AD. For noise 
suppression, a capacitance (not shown here) may be 
connected in parallel with the first resistor Rl . First 

15 resistors Rl of different magnitudes may be provided, 
which can be connected in an alternative manner. Thus, 
the measurement range can be changed in a simple 
manner . 

2 0 The reference symbol P designates a potentiostat whose 

input is connected to a programmable voltage source 
(not shown here) . The potentiostat P comprises a second 
operational amplifier 0P2 connected as a voltage 
follower and a third operational amplifier OP3 . The 

25 noninverting input 0P2+ of the second operational 
amplifier OP2 is connected to the reference electrode 
RE. The inverting input 0P2- of the second operational 
amplifier 0P2 is connected to the output thereof and 
via a second resistor to the inverting input OP3- of 

30 the third operational amplifier OP3 . The noninverting 
input OP3+ of the third operational amplifier is 
connected to circuit ground. The programmable circuit 
source (not shown here) is connected via a third 
resistor R3 to the inverting input OP3- of the third 

3 5 operational amplifier OP3 and also to the second 

resistor OP2 . The output of the third operational 
amplifier OP3 is connected to the counterelectrode GE. 
A further capacitance (not shown here) may be connected 
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in between the output of the third operational 
amplifier OP3 and the inverting input thereof. 

The measuring device AD may be an analog- to-digital 
5 converter with a multiplexer. This enables a virtually 
contemporaneous measurement of the currents flowing 
through the working electrodes AE1, AE2 , AE3 . 

By virtue of the fact that the reference electrode RE 
10 is connected to the noninverting input OP2+ of the 
second operational amplifier 0P2 , a voltage follower 
with a very high input impedance is obtained. An 
electrolysis current flowing through the reference 
electrode RE is thus effectively prevented. 
15 Consequently, a particularly accurate measurement is 
achieved. 

The output of the third operational amplifier OP3 
connected to the counterelectrode GE is driven during 

2 0 operation such that no voltage is present between the 

inputs OP3-, OP3+ of said operational amplifier. The 
noninverting input OP3+ of the third operational 
amplifier OP3 is connected to circuit ground. 
Consequently, the inverting input 0P3- is also 
25 virtually grounded and thus at the same potential as 
the working electrodes AE1, AE2 , AE3 . Given suitable 
regulation, the current flowing through the third 
resistor R3 is equal to the current flowing through the 
second resistor R2 . Since the magnitude of the voltage 

3 0 across the second resistor R2 is equal to that of the 

voltage between the reference electrode RE and the 
working electrodes AE1, AE2 , AE3 , it is possible to 
prescribe the potential of the working electrodes AE1, 
AE2, AE3 relative to the reference electrode RE by 
3 5 means of a proportional voltage at the input U of the 
potentiostat P. In practice, the second resistor R2 is 
expediently chosen to be equal to the third resistor 
R3 , as a result of which the proportionality constant 
is fixed at the value -1. As an alternative, in this 
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case of an additive potentiostat P, the third resistor 
R3 may be replaced by a plurality of resistors, thereby 
obtaining a plurality of inputs, e.g. for modulation. 

5 According to one variation at the circuit, it is 
possible to restrict the frequency response of the 
current /voltage converters SI, S2 , S3 . As a result, the 
overall noise can be reduced. Such a restriction in the 
frequency response may be achieved by capacitors that 

10 are in each case connected in parallel with the first 
resistor Rl . In order to enlarge the current 
measurement range, it may be advantageous to embody the 
first resistors Rl, if appropriate with capacitors 
connected in parallel therewith, in switchable fashion 

15 by means of relays or analog electronic switches or a 
combination of the two. 

Figure 2 shows the result of measurements carried out 
with the circuit according to the invention. For this 

2 0 purpose, uncoated working electrodes were brought into 

contact with a DNA-containing solution. The measurement 
was effected by means of differential pulse 
voltammetry. The current difference measured at the 
working electrode in each case before and after a 
25 voltage modulation is plotted against the voltage in 
Figure 2. The left-hand peak shows the oxidation of 
guanine of DNA adsorbed at the working electrode. The 
right-hand peak shows the oxidation of adenine. The 
results plotted are those which were obtained by 

3 0 measurement at a first working electrode AE1 and at a 

second working electrode AE2 . 

The present measurement exhibits only a non-specific 
detection of DNA in a solution. Given a suitable 
35 coating of the working electrodes, it is possible 
within the scope of the invention to detect 
specifically predetermined DNA or the like in a 
solution. The number of DNA sequences or the like to be 
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detected specifically depends on the number of working 
electrodes used. 
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List of Reference Symbols 
1 Container 

0P1, 2, 3 first, second, third operational amplifier 
P Potentiostat 

SI, 2, 3 first, second, third current /voltage 

converter 

Rl, 2, 3 first, second, third resistor 
AD Measuring device 

AE1, 2, 3 Working electrodes 
GE Counterelectrode 
RE Reference electrode 

U Output of a programmable voltage source 



